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Introduction
Oil spills pertain to any intentional or accidental release of liquid hydrocarbons into the environment (Bhardwaj and Bhaskarwar, 2018) . The industries such as oil production, refining, petrochemicals, plastics and metals produce oily wastewater which may find their way to different water bodies (Singh et al., 2011; Ge et al., 2014; Yu et al., 2015; Shi et al., 2016; Bhardwaj and Bhaskarwar, 2018; Yong et al., 2018) . The ten largest oil spills in history have led to spilling millions of oil barrels into the seas as well as land regions. For example, about 240 to 336 million gallons of crude oil were spilled into the Persian Gulf in 1991, which marked the world largest oil spill. In 2010, 210 million gallons of oil were released from the British Petroleum (BP) platform over 3 months into the Gulf of Mexico. In June 1979, an oil well in Punjab Gulf suffered accidental explosion due to increased pressure, which led to the release of 140 million gallons to the Gulf of Mexico over 10 months. In order to reduce the oil spill from this incident, large quantities of sand, iron, and steel were injected into the main well. A summary of other oil spills between the years 1978∼2010 is provided in Table 1 (The Guardian Newspaper, 7 Oct 2011). One of the direct casualties can be named crippled by the accident of the tankers in the Caribbean Sea (1979) Other sources of water oil pollutants are wastewater from the industrial and transportation sectors (Kvenvolden and Cooper, 2003; Michel, 2011) . Fig. 1 compiles oil spills based on the International Tanker Owners Pollution Federation (ITOPF) statistics from 1970 to 2018. These statistics suggest a significant reduction in the amount of oil spills, especially since 2010 (ITOPF, 2019) . Distractive effects not only at the moment but also its consequences even 50 years after the incident are still being reported, nevertheless. Catastrophic effects on the marine environment, ecosystems and aquatics life, and quality of human life; including diseases and deaths is still a major challenge (Wu et al., 2014a; Jin et al., 2015; Jayaramulu et al., 2016; Guan et al., 2019) .
Effective techniques for containing oil spills are well sought after. For example, spray, skinners, washing of surface were applied to remove oil spills from the sea. However, the seabed remained contaminated with the added substances (Fingas, 2011) . Nanotechnology, on the other hand, is steadily advancing toward finding effective alternative materials which would minimize back contamination. Nanotechnology has been successfully employed in improving the performance of membranes, sorbents, magnetic materials, nanofibers, polymers, nanoporous structures, as well as carbon materials (Mokhatab et al., 2006; Lahann, 2008; Pendergast and Hoek, 2011; Shang et al., 2012; Xue et al., 2013; Zhang et al., 2013a; Gao et al., 2014; Kharisov et al., 2014; Si et al., 2015; Wang et al., 2015b; Wu et al., 2015; Lee et al., 2017; Fu et al., 2018; Gore et al., 2019) . The membrane technology which has been developed for the separation and behaves as a porous medium has been studied theoretically and experimentally in two decades (Dejam et al., 2015a; Dejam et al., 2015b; Dejam, 2018; Dejam, 2019a; Dejam, 2019b; Kou and Dejam, 2019) . The higher demand for effective sorbents with less environmental impact led to the development of many porous structures with high surface area to mass ratio (Lin et al., 2012; Wu et al., 2012; Lei et al., 2013; Khosravi and Azizian, 2015; Shahmirzaee, M., et al. Advances in Geo-Energy Research 2019, 3(3) : 320-342 Bu et al., 2019; Shin et al., 2019; Wang et al., 2019; Xu et al., 2019; Zhang et al., 2019b) . Porous metal organic frameworks (MOFs) nanomaterials by virtue of their hierarchical porous structures, superhydrophobicity, rich functionalities, low cost, and suitability for large scale application have attracted attention in oil spill cleanup (Jayaramulu et al., 2017; Yoon et al., 2017; Gao et al., 2019; Kumar et al., 2019; Xu et al., 2019a; Xu et al., 2019b) . Zeolitic imidazolate frameworks (ZIFs) are a group of MOFs. ZIFs with various structures have been used in many applications, especially crude oil spills due to hierarchical porous structures, facile synthesis, durability, and good recyclability (Seoane et al., 2011; Go et al., 2016; Wu et al., 2017a; Zhong et al., 2018) . Based on predictive models, ZIFs absorption capacity is in the order of 6600 mg/g .
The recent experimental studies have widely focused on oil/water separation as sorbent. In the published literature, ZIFs are reported as a novel sorbent in different shapes of powders, compositing with polymers, and coverage on a porous substrate or by their combination. The theoretical mechanism of oil/water separation depends on wettability, chemical composition, and surface structure introduced in theories of Wenzel (Wenzel, 1936) and Cassie-Baxter (Feng and Jiang, 2006) . Polymers have been widely used in developing ZIFs which have become one of the powerful sorbents in oil/water separation. Polymers are used due to the flexibility and functionalization on the surface to change the wettability of active sites, and previous investigations confirm the effective presence of polymers. F-ZIF-90@PDA@sponge with loading PDA on the sponge surface increases the adsorption capacity up to 4800 wt% (Liu and Huang, 2018) . More studies investigated various polymers such as ZIF-8/polymer composite beads with high adsorption capacity of 1260 mg/g (Abbasi et al., 2017) , ZIF-8 filled Polydimethylsiloxane for removal of n-Butanol from aqueous solution (Bai et al., 2013) , ZIF-71/PDMS composite with high selectivity of alcohol from water (Yin et al., 2017) , and so on. The modification of surface of the porous substrate was developed by compositing and ZIF-8 crystals coverage on the substrate. ZIF-8/CN foam is an example, in which wettability and surface roughness of carbonitride foam was modified by the attachment of ZIF-8 crystals and exhibited a high adsorption yield of 58 wt% (Kim et al., 2017) . ZIF-8-melamine sponge composite increased the water contact angle up to 120 • due to the contribution of ZIF-8 powders (Zhu et al., 2017) . In this review, effective parameters of ZIF structures, pore volume, pore size, and adsorption factors on the capacity of ZIFs are explained. The scope of the review is shown in Fig. 2 . Firstly, ZIF structures are described; then, various applications and synthesis methods are summarized in a table. Finally, ZIFs are described in different shapes of powder, composite with polymers and carbon materials, and in particular, ZIF as coverage on the substrate with a focus on sorbent for oil/water separation.
Compared to the other review articles, this study has investigated the popular ZIF literature from the first to 2019. This is a novel review which reports a group of sorbents com- Representative ZIF structures studied for catalysis/adsorption (Phan et al., 2010; Zakzeski et al., 2011). pared to the review article (Bhardwaj and Bhaskarwar, 2018) that studied sorbents for oil-spill remediation but was not comprehensive on all of the sorbent examples. In addition, the sorbent structure, different shapes of structures, and the details of any factors such as wettability and adsorption capacity were not mentioned while this study shows them broadly. Another review of porous materials for oil/water separation introduced only a very few studies of ZIF sorbent (Guan et al., 2019) . In other words, the review on porous materials described a small part of each sorbent role. Thus, this study on the ZIF sorbents provides a comprehensive survey which offers a good comparison between observations.
ZIF structures
ZIFs are a group of MOFs which are formed by organic imidazole as a ligand interconnecting the Zn in the tetrahedron structure of Si(Al)O 4 units in the zeolite as shown in Fig. 3 (Yaghi and Li, 1995; Xia et al., 2015; Lei et al., 2018; Liu and Huang, 2018) , which have crystalline microporous of 1.16 nm ZIFs with bond angle of Zn-N are similar to Si-O in porous Zeolite material. Fig. 4 presents the types of imidazole ligands and mixing of two imidazole structures (Phan et al., 2010) . Some of the most common ZIFs are shown in Fig. 5 , which are similar to standard zeolite with a topology, such as gme, sod, rho, lta, and ana. Other ZIF structures are summarized in Table 2 , and experimental and theoretical studies keep adding more structures to the list. Different bonding and structural combination revealed pore sizes ranging from 1.6 -19Å and specific surface areas ranging from 620 -2800 m 2 /g. The most important features of this novel material rely on symmetry with hierarchical pores. Many new zeolite-like compounds have been discovered; however, with limited performance due to the lack of these main features (Rettig et al., 1999; Tian et al., 2002) .
Summary of ZIF Synthesis and applications
ZIFs with a hierarchical porous structure, large specific surface area, low cost of production, having exceptional thermal durability, and chemical stability (Kumar et al., 2014; Zheng et al., 2016) are promising candidates for various applications. The most common applications include catalysis (Yang et al., 2012; Kuruppathparambil et al., 2016) , gas separation (Huang et al., 2012b) , water purification from dyes (Guo et al., 2016) , batteries (Huang et al., 2015) , sensors (Lu and Hupp, 2010) , proton conductor (Hurd et al., 2009; Taylor et al., 2010) , heavy metal removal (Bo et al., 2018) , biotechnology, and encapsulation (Liang et al., 2016a; Liang et al., 2016b) . Table 3 summarizes the recent developments in ZIF preparation, composition, and application in the last two years. Table 4 presents an overview of ZIF applications and synthesis methods from 2008 to 2017. ZIFs are prepared using different techniques such as solvothermal (Zhang et al., 2019a) , hydrothermal (Zhang et al., 2017; Yang et al., 2018) , chemical solution (Shamsaei et al., 2016; Tsai and Langner, 2016) , surfactant with dip-coating (Andrew Lin and Chang, 2015) , coprecipitation (Wu et al., 2017b) , sol-gel processing (Zhu et al., 2016) , synthesis assisted template (Ren et al., 2019) , silica aerogel (Shekhah et al., 2012) , and pyrolysis (Ahmed et al., 2018) . Investigations show that hydrothermal and solvothermal synthesis are common methods for ZIF production. Yuan et al. (2019) produced ZIF-300/α-Al 2 O 3 membrane with a hydrothermal method, which showed porosity of about 35%. ZIF-300 crystals were heated at 120 • C for about 72 h in a hydrothermal process, and the membrane was produced using simple dip-coating route. ZIF-300 membrane exhibited 99.21% rejection of heavy metal ions and large water permeate flux, 39.2 L/m 2 ·h·bar. Another structure of ZIF having nanoscale hierarchically pores, ZIF-67 (NH-ZIF-67), was developed using a rapid process by employing an organic amine as a biofunctional modulator and accelerator of the nucleation . This study reflected high rates of adsorption of malachite green (MG) as well as high adsorption capacity of toluene. Wang et al. (2018a) fabricated LDH nano-flower using solvothermal method and ZIF-67 with the wet chemical route in methanol. ZIF-67 crystals showed great potential for organic adsorption from wastewaters. ZIF porous materials were also used for gas separation. ZIF-11 with a pore size of 36±6 nm exhibited H 2 and CO 2 adsorption with permeation values of 95.9 Barrer (Sánchez-Laínez et al., 2015) . The centrifugation synthesis technique was applied between 1 and 30 min with molar composition initial materials of Zn: benzimidazole (bIm): NH 3 : CH 3 OH: toluene = 1: 2: 40: 300: 100 (Sánchez-Laínez et al., 2015) . Firstly, solutions were cooled to 18 • C separately, and then, mixed in a centrifuge flask with 1000 rpm. Composite studies of ZIFs, polymers, and carbon materials improved the performance of ZIF crystals. Barooah and Mandal (2019) reported PVA/PG/ZIF-8 membrane onto polyethersulfone (PES) support by methanol chemical route of coating for CO 2 /N 2 gas separation with the yield of 98% higher than pure PVA/PG membrane.
Literatures have reported a widespread applications of core-shell ZIF. Miao et al. (2017) synthesized Fe 3 O 4 @P 4 VP@ZIF-8 core-shell by a novel strategy of layer by layer, in which the microspheres were dispersed in 2methylimidazole (2-MeIM) methanol solution. The coreshell structure portrayed efficient catalytic activity toward Knoevenagel condensation reaction. Zhang et al. (2018) reported a core-shell product, in which ZIF-L(Zn)@ZIF-67 nanoleaves were prepared by a chemical method as templates for coating hierarchically porous carbon materials. High 
ZIF Comments
Ref.
Uptake and Selectivity of CO 2 : strong Lewis acidbase interaction exists ZIF-68 and ZIF-69 between the gas molecules and nitro groups of 2-nitroimidazole linkers, (Hou and Li, 2010 ) which thus prevents the entry of gas molecules into the small pores of ZIFs
ZIF-69
Separation of CO 2 /CO mixture. Membrane of porous -alumina substrate produced by solvothermal method and surface area of 1138m 2 /g (Liu et al., 2010) ZIF-8 and ZIF-11
Simulation by molecular dynamics (MD) revealed symmetry independent adsorption sites of ZIF-8: above the imidazolate ring of C=C bond, adsorption sites of ZIF-11: top of the benzene ring (Assfour et al., 2010) ZIF-8 Catalysis of transesterification of vegetable oil. CO adsorption monitored by FTIR and DFT calculations (clusters and periodic models) (Chizallet et al., 2010) ZIF-90 Hydrogen selectivity from larger gases through 3-amino-propyltriethoxysilane as a covalent linker (Huang et al., 2010) ZIF-71 Ethanol uptake, water uptake significantly higher than model predictions (Lively et al., 2011) ZIF-90 Membrane for enhanced Hydrogen selectivity (Huang and Caro, 2011) ZIF-67 Gas adsorption and catalysis (Qian et al., 2012) ZIF-90
Membrane for gas-separation performance. Modification of ZIF-90: By covalent linkages between the free aldehyde groups of the ZIF-90 and the amino group of 3-aminopropyltriethoxysilane (APTES) (Huang et al., 2012b) ZIF specific surface area (359 m 2 /g) of NC@GC(1)/CNTs and N content (13.57 atomic%) were obtained. The electrical capacitance of the NC@GC(1)/CNTs, distinguished capacitance was very high, ∼(252.1 F/g), and the stability was exceptional, (∼91.2% capacitance retention following 1,0000 cycle). This is a novel technique to extend the heterogeneous core-shell of ZIFs from different crystal structures. Medical applications were studied widely. ZIF-90 nanosystem with the self-assembling process was selected to synthesis DOX encapsulated nano ZIF-90. The research revealed ZIF-90 with better mitochondria targetability, cell biocompatibility, and in vivo survival rate than nano ZIF-8. It could be easily post-modified with Y1R ligand AP for active targeting drug delivery to TNBC cell line MDA-MB-231. The research in cancer diagnosis and treatment, explore the applicability of ZIF-90 in cancer treatment (Jiang et al., 2019b) . Adnan et al. (2018) investigated ZIF-8 with X shape using encapsulation method and immobilizing Rhizomucor miehei lipase (RML) used for biodiesel production from soybean oil in an isooctane system with a conversion yield of 95.6%.
Sorption
Two main factors influence the sorption capacity of ZIFs; namely, their hydrophobicity and their specific surface area (Li et al., 2013; Nabeel Rashin et al., 2014) . Wettability is assessed by the water contact angle (WCA). Fig. 6 shows how the contact angle is measured for porous materials. The pressure difference at the interface between oil/water and air in the porous medium is calculated by the Yong-Laplace equation (Eq. (1)) (Wang et al., 2015a; Li et al., 2016) . Eq. (1) suggests intrusion pressure (∆p it ) in which γ, d, and R are interfacial tension of oil/water, the average of pore diameter, and sedidiameter of the meniscus, respectively.
There are two types of intrusion pressure, negative and positive pressure. (a) θ A < 90 • and ∆p it < 0 where the oil penetrates to the pores by gravity, (b) θ A > 90 • and ∆p it >0, inert pressure is prevented from diffusing water Li et al., 2016) . Meanwhile, for θ A,water > 150 • , ∆p water > 0, or θ A,oil < 30 • , oil intrusion pressure is ∆p oil < 0 as shown in Fig. 6 . The oil penetrates through the porous media, easily but water is stopped from diffusion into the surface (Tian et al., 2012; Wang et al., 2015a; Li et al., 2016) .
ZIF for Oil/water separation
This review focuses on the ZIF crystals for hydrocarbon/oil-water separation. Studies on the application of ZIF materials for crude oil spills are summarized in Table  5 ZIF composition, water contact angle, surface area, and absorption capacity are shown with varied shapes of powder, coverage on template, and membrane.
The literature survey showed that ZIF-8 powder had demonstrated the high surface area of 1408 and 1384.2 m 2 /g and adsorption capacity of 3000 mg/g. Theoretical model predictions exhibit that the maximum adsorption capacity for ZIF-8 is about 6633 mg/g Sann et al., 2018) . Therefore, it is an excellent candidate for oil/water separation, but the main problem is the removal of the sorbent at the end of the water treatment. ZIF-8 has been studied more than other ZIFs due to its thermal durability, chemical stability, strength and compatibility in composites. One of the main reasons for selecting the ZIF-8 is facile synthesis with 2-methylimidazole as ligand and no need to combine two or more ligands (Sann et al., 2018) . Recently, researches have been progressing towards compositing and coating on a template. Investigations have revealed that polymeric and carbon materials are appropriate for compositing. ZIF/polymer composites such as PVDFg-ZIF-8, PLA/ZIF-8 nanocomposite membrane, and F-ZIF-90@PDA@sponge illustrated water contact angle of 158 • , 130 • , and 159.1 • , respectively. In addition, other ZIF structures (Li and Guo, 2018) Removal of n-Butanol from ZIF-8 Filled Polydimethylsiloxane 7.1 and 3.28×10 5 barrer (Bai et al., 2013 ) aqueous solution ZIF-8(Zn)/-67(Co) 576-1050 m 2 /g 10.4 mg/g of n-octane (Bhadra et al., 2016) ZIF-8/GO composite 967 m 2 /g n-octanol/water separation (Bian et al., 2015) ZIF-71/PDMS composite Alcohol/water selectivity Membrane for alcohol/water separation (Yin et al., 2017) Removal of Rhodamine B (RhB) and Amine modification of ZIF-8
Membrane (Isanejad et al., 2017 (Lei et al., 2018) ZIF-8-melamine sponge composite 120 • Absorption of organic solvents (Zhu et al., 2017) F-ZIF-90@PDA@sponge 159.1 • , F-ZIF-90 is 690 m 2 /g 1600 wt% to 4800 wt% (Liu and Huang, 2018) HFGO@ZIF-8 162 • , 590 m 2 /g 150 -600 wt% (Jayaramulu et al., 2016) ZIF-8/polymer composite beads 115 • , 1030.6 m 2 /g 1260 mg/g (Abbasi et al., 2017) ZIF-8/CN foam 135 • , 211 m 2 /g 58 wt% (Kim et al., 2017) PLA/ZIF-8 Nanocomposite membrane 130 • , ZIF-8 reaches 1185 m 2 /g Membrane for oil/water separation (Dai et al., 2016) ZIF-8 particles 142 • , 1408 m 2 /g 70 -250 wt% (Sann et al., 2018) PVDF-g-ZIF-8 158 • Separation yield of 92.93% (Xu et al., 2018) such as ZIF-67, ZIF-71, and ZIF-90 were used in magnetic and polymer composites with larger cavities than ZIF-8. Lei et al. (2018) used a melamine sponge with a highly porous structure to construct the MF-ZIF-8 sponge composite to enhance hydrophobicity for the selective sorption of oil. First, polydopamine was doped on the melamine sponge template for structural modification to ensure powerful attachment of ZIF-8 powders. MF was immersed into dopamine with a solvothermal rout and formed a polymer film through polymerization and further deprotonation oxidation. Subsequently, it was placed into the precursor, including Zinc chloride and 2-Methylimidazole. The nucleation and growth of ZIF crystals were done during the solvothermal process (Figs. 7a-c) . The water contact angle changed from 0 • with micrometer-scale pores (50-200 µm) to an oleophilic structure. Various oil absorption capacities obtained from 1000 wt% to the highest amount of 3800 wt% for chloroform. It is powerful catalysis in the knoevenagel reaction. Figs. 7d-e shows absorbed and recovered oil by squeezing for further usage. Zhu et al. (2017) reported ZIF-8-melamine sponge composite fabricated with acceptable mechanical properties by simple coating, which is cost-effective without complex equipment and easily scaled-up. A small cylindrical piece of sponge was immersed into a methanol solution having Zinc nitrite and 2methylimidazolate for 1 h, and ZIF-8-melamine sponge was produced by washing and heating. As shown in Figs. 8b and 8c, a smooth skeleton was coated with a thin layer of ZIF-8 and confirmed the strength of about 13 kPa under compressive stress at 70% strain compared to brittle MOFs. In comparison with a hydrophilic sponge that water droplet penetrates its structure, ZIF-8-sponge showed higher hydrophobicity (water contact angle of 120 • ), where water drop stands on the sponge. The water contact angle did not change after 10 cycles (Fig.  8d) . Mondal et al. (2017) reported the synthesis of ZIF-318 from the linkers of 2-methylimidazole (L1) and 2trifluoromethylimidazole using the solvothermal method optimized for the separation of ethane/ethene mixtures (Fig. 9 ). This report modified the functionality of the imidazole linker. Replacement of -CH 3 with -CF 3 agent leads to a little change in the pore size and properties.
Based on the research of Liu and Huang (2018) , F-ZIF-90@PDA@sponge composite was prepared using a fluorinefunctionalized imidazolate as the organic linker. The polydopamine (PDA) was used to modify the surface of the sponge. Fluorine-functionalized imidazole-2-carboxyaldehyde (F-ICA) was prepared as an organic linker in two stages of solvothermal synthesis during the reaction of zinc(II) chloride, sodium formate, and F-ICA in methanol, separately (Fig. 10) . The prepared sample showed high adsorption capacities for various oils and organic liquids ranging from 1600 wt% to 4800 wt% for CCl 4 with the largest water contact angle of about 159.1 • . Jayaramulu et al. (2016) produced a highly fluorinated graphene oxide (HFGO)@ZIF-8, where ZIF-8 was connected at the graphene surface oxygen functionalities (Fig. 11a ). This hierarchical structural architecture led to a superoleophilic behavior with the high water contact angle of 162 • and low oil contact angle of 0 • (Fig. 11b-c) . Pore size was in the range of mesopores 1 nm and 3 nm for ZIF-8 structure and composite structure, respectively. The result of the absorption for various organic solvents was achieved 150 -600 wt% for the maximum absorption of methanol. Abbasi et al. (2017) studied the ZIF-8/polymer composite beads with polyethersulfone (PES) as a binder using the phase inversion synthesize method in the aqueous solution used in the research of Koji Kida et al. (Liang et al., 2012) . Hydrophobicity and high surface area empower the composite for adsorption application. The diameter of ZIF-8 particles was about 250 nm and they have a very high surface area of 1384.2 m 2 /g BET and 1849 m 2 /g Langmuir surface area. Surface area values in different ZIF concentrations were obtained 343.2, 602, 882.3 and 1030.6 m 2 /g for ZIF/PES-0.5, ZIF/PES-1, ZIF/PES-2, and ZIF/PES-4, respectively. The highest adsorption capacity was related to ZIF/PES-4. The macro meter pore size distribution of PES spheres is shown in Fig. 12 with a water contact angle of 100 • for the left and contact angle of 115 • for the right.
Carbon nitride (CN) foams were employed to grow the crystalline ZIF-8 placed on N functionalities of CN with chemical anchoring (Fig. 13) . The synthesis process includes carbonization of the melamine foam (25.6 wt% of N) and dip coating of CN foam in the methanol solution having Zn 2+ and 2-methylimidazole. As a result, the hierarchical porous structure with high hydrophilicity and the water contact angle of 135 • prevents water penetration. The maximum absorption content obtained was 58 wt% for chloroform (Kim et al., 2017) . In compositing, ZIF-8 powders incorporated in polylactic acid (PLA) using electrospinning method for membrane application with initial materials of methanol, 2-Methylimidazole, Zn(NO 3 ) 2 ·6H 2 O, PLA pellets and CH 2 Cl 2 (Dai et al., 2016) . Crude oil was absorbed by the PLA/ZIF-8 membrane immediately in comparison with PLA membrane, where oil droplets showed slight stability to the penetration through the membrane due to the smooth surface as shown in Fig.  14a . SEM micrograph revealed that the PLA/ZIF-8 membranes showed improved oleophilic behavior by adding 0.5 wt% ZIF-8 crystals. The mechanical properties increased for tensile strength up to 5.02 MPa rather than pure PLA membrane (Fig.  14b-c) because the flexible structures of ZIF-8 improved the affinity with polymer chains of ligands.
Innovative research was done on ZIF-8 into tea bag as an absorbent for the removal of oil through the synthesis of Zn 2+ source, 2-methylimidazol, and deionized water in the mixture (Gross et al., 2012; Pan et al., 2015) . SEM analysis illustrated the formation of ZIF-8 particles with an average diameter of 238 nm (Fig. 15a ) and surface area of 1408 m 2 /g extracted from BET date. The prepared sample illustrated strong hydrophobicity with a water contact angle of 142 • and reusability by heating process up to twenty cycles (Figs. 15bc) (Sann et al., 2018) . Xu et al. (2018) studied the micronanofiber membrane of PVDF-g-ZIF-8 by electrospun method including syringe pump, collector, and the high voltage power supply with materials of PVDF, ZnO, N, N-Dimethylacetamide (DMAC), and acetone as solvents along with 2-Methylimidazolate, zinc nitrate hexahydrate, and sodium formate (Fig. 16a ). Fig. 16b shows the optimum concentration (8 wt%) of ZIF-8 crystals, lower and higher concentrations of which lead to numerous cavities and agglomeration, respectively. Finally, oleophilic properties of ZIF-crystals increased with a water and toluene contact angle of 158 • and 0 • , respectively, which revealed the separation yield of 92.93%.
Among the last studies, ZIF-8 has been used more than the other ZIF structures for oil/water separation. Feasibility and high performance of ZIF-8 coverage on melamine sponge with the absorption capacity of 3800 wt% and on carbon nitride (CN) foam with the capacity of 58 wt% have confirmed the ZIF-8 performance for cleaning up the oil spills (Kim et al., 2017; Lei et al., 2018) . It can be considered that pure ZIF-8 powder with very high specific surface area illustrated an absorption capacity in the range of 10 to 150 wt% (Cousin Saint Remi et al., 2011; Jiang et al., 2013) . However, the ZIF-8 powders showed a high surface area between 1000 to 1700 m 2 /g than when it is covered on substrate (Sarker et al., 2017; Sann et al., 2018) . Thus, other parameters, namely their secondary porosities due to the connection of ZIF particles on the substrate and capillary effect of inner pores, have shown a very effective role in the absorption capacity. In addition, F-ZIF-90@PDA@sponge rendered the potential of the ZIF-90 for separating capacity up to 4800 wt% because of having larger cavities than ZIF-8 (Liu and Huang, 2018) . The comparison between the studies showed that the absorption of some hydrocarbons with diameters more than ZIF-8 pore size (0.34 nm) was due to the cavities created by the particle bonding on the surface (Bux et al., 2011) . In addition, the obtained water contact angle from ZIF coating was introduced as a more important factor for the absorption process. The water contact angle increases with more loading of ZIF particles on the substrate surface and then hydrophobicity increases due to increased roughness. The literature has reported an increase in water contact angle from 60 • to 152 • superhydrophobicity. These ZIF materials on the template or composition shape are mostly reusable up to 20 cycles. Use of porous MOF, particularly ZIF crystals, exhibited the obvious advantages of high surface area and hydrophobicity properties as a sorbent. ZIFs are introduced as novel and effective nanostructures for cleaning up oil spills. One of the disadvantages of this study is that the comprehensive comparison with other porous adsorbents, biosorbents, and other methods of oil removal from the water was not investigated. Although this could imitate this study, it could be an opportunity for future research.
Summary and Conclusions
In this review paper, different crude oil spills in literature were introduced as major pollutants of the seabed water. This study presented a perspective of ZIF structures, synthesis, and applications, factors affecting the sorption, and a description of ZIFs for oil/water separation. Various structures of ZIF crystals were described with the types of imidazole ligands and bonding between N, C, Zn, and H elements. The chemical composition of ligand was introduced as the main determinant of the structure and pore size of ZIF. The performance of ZIF crystals in the recent articles was evaluated as a sorbent for oil/water separation. A holistic view of ZIFs applications in catalysts, biotechnology, energy, etc. was also presented from 2008 to 2019. The most common ZIF structures for crude oil spill cleanup from the water was expressed, where ZIF-8 has been used more than the other structures using 2methylimidazole as the intact ligand without linking to another agent. The mesoporous diameter of ZIF powders and cavities caused by their interconnecting on the template were expressed as a definite cause of the absorption. Interestingly, it was found that ZIF in various compounds illustrated recoverability up to twenty recycles.
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